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Abstract. The ageing of world population has a direct impact on the health 
and care systems, as it means an increase in the number of people needing care 
which leads to higher care costs and the need for more resources. In this context, 
informal caregivers play an important role as they enable dependent persons to 
stay at home and thus reduce care costs. However, long-term continuous care 
provision has also an impact in the physical and mental health of the caregivers. 
Moreover, geographical barriers make it difficult for caregivers to accessing psy-
choeducation as a way to alleviate their problems. To support caregivers in their 
needs and provide specialized training, technology plays a fundamental role. The 
present work provides the theoretical basis for the development of a technological 
ecosystem focused on learning and knowledge management processes to develop 
and enhance the caregiving competences of formal and informal caregivers, both 
at home and in care environments. In particular, a platform-specific model to 
support the definition of the ecosystem based on Open Source software compo-
nents is presented, along with a Business Model Canvas to define the business 
structure as part of the human elements of the technological ecosystem. 
Keywords: Model Driven Development, eHealth, software ecosystems, techno-
logical systems, Software engineering, Business Model Canvas. 
1 Introduction 
It is a fact that world population is aging. According to the United Nations world pop-
ulation prospects, the number of older persons — those aged 60 years or over — is 
expected to be more than double by 2050 than it is today, and growing faster than all 
younger age groups [1]. A common characteristic of the elderly is the frequent occur-
rence of both cognitive and physical impairments, which results in an increase in the 
cost of care and resources needed for this population.  
In this sense, informal care plays a very important role within the care systems of 
many countries [2], as it prevents the institutionalisation of the dependent persons ena-




the caregivers is also rising, and providing long-term continuous care entails a high 
physical and mental health impact for the caregivers [3], who suffer problems such as 
work overload, depression or anxiety, significantly reducing their quality of life and 
increasing their social isolation.  
The caregivers need, therefore, a way to obtain answers to the questions that daily 
arise during their care duties, psychological support to help fulfil their tasks, infor-
mation, advice and guidance, as well as an access to a community of equals and experts 
that can help them. But only when they can all get it easily, in low cost formats and 
when the information is adapted for them and easy to understand. 
Psychoeducation [4] can be an alternative solution to alleviate the aforementioned. 
Psychoeducation involves providing information in a coherent, simple, accurate and 
objective way, both for the dependent people and their caregivers. However, access to 
psychoeducation, which is mostly performed through face-to-face interventions, is usu-
ally difficult for caregivers as they cannot leave alone the person they are attending, or 
because of geographical barriers especially for those who live in the rural environment.  
In this sense, IT solutions can allow (in)formal caregivers and dependent persons to 
receive support in their needs. These technological solutions can make it possible to 
design and develop personalized attention services, provide remote teaching-learning 
environments as well as social networks for social inclusion and contact with experts 
regardless of their situation and context.  
The present paper aims to providing a technological ecosystem [5, 6] that allows the 
caregivers to develop and enhance their caregiving competences both at home and in 
care environments, and also to share that knowledge with the persons they take care of. 
In order to support the definition of this ecosystem, a platform-specific model and a 
Business Model Canvas were developed. 
The rest of the paper is organized as follows. Section 2 describes the methodology 
used to define the technological ecosystem. Section 3 presents the model to define 
eHealth ecosystems for caregivers. Section 4 depicts the business structure using a 
Business Model Canvas. Finally, Section 5 summarizes the main conclusions of this 
work. 
2 Methodology 
The definition and development of technological ecosystems has greater complexity 
than traditional information systems. The problems inherent to software engineering, 
such as the interoperability between components or the evolution of the ecosystem, are 
combined with the difficulty of managing complex knowledge and the diversity of peo-
ple involved [7]. In order to improve the definition and development of this kind of 
technological solutions, two metamodels were defined and validated in previous works 
[8-10]. First, a platform-independent metamodel (PIM) that identifies the main con-
cepts of a technological ecosystem and the relations among them 
(https://doi.org/10.5281/zenodo.1066369). On the other hand, a platform-specific met-
amodel (PSM) to define ecosystems based on Open Source software 




[11], a simple meta-metamodel based on Meta Object Facility (MOF), the standard 
provided by the Object Management Group (OMG) to support Model-Driven Archi-
tecture (MDA).  
In order to provide a technological ecosystem for formal and informal caregivers, 
the ecosystem metamodels were used as a starting point. Fig. 1 shows the different 
models and transformations in the four–layer metamodel architecture of MDA. First, 
the eHealth ecosystem model was instantiated from the platform-independent ecosys-
tem metamodel. Later, the model was transformed in a platform-specific metamodel 
using a set of rules defined with ATL [12].  
 
Fig. 1. Models and transformation to get the platform-specific model of the eHealth ecosystem 
for formal and informal caregivers 
To complete the definition of the eHealth ecosystem for caregivers, the platform-
specific model is completed with the definition of the business structure through the 
Business Model Canvas (BMC) [13]. This structure is part of the human components 
of the ecosystem. One of the main differences between technological ecosystems and 
other approaches such as software ecosystems (SECO) [14], is the human factor, alt-
hough it has presence in any kind of technological solution, in the case of technological 
ecosystems the human factor has the same relevance than the software components. 
People are not only end-users but also an important component of a technological eco-
system [15].  
The BMC is a template that depicts a methodology to design and describe a business 
model. Business models are defined by [13] as a description of how an organization 
creates, delivers, and captures value, where ‘value’ is the benefit an actor gets from the 
ecosystem in the form of need satisfaction or problem solution [16]. The BMC consists 
in nine different blocks that describe the business infrastructure, value propositions, 




The obtained platform-specific model and the Business Model Canvas serve as a 
guide to later develop the corresponding eHealth technological ecosystem. 
3 eHealth ecosystem for caregivers 
The platform-independent ecosystem metamodel provides the basis to define different 
kinds of technological ecosystems focused on knowledge management, consisting of a 
set of software components, human elements and the relationships between them, with-
out a core software system that provides the basic functionality. Regarding the plat-
form-specific ecosystem metamodel, it provides the basis to get the guidelines to define 
those technological ecosystems using Open Source software components. 
The aim of the eHealth technological ecosystem for caregivers is to support the 
learning and knowledge management processes to develop and enhance the caregiving 
competences both at home and in care environments of formal and informal caregivers. 
As we described in the methodology section, the model of the eHealth technological 
ecosystem was instantiated from the ecosystem metamodel [10]. The instance is a PIM 
to define eHealth technological ecosystems for caregivers. Fig. 2 shows this process on 
the right column. 
This PIM provides the concepts and the relations between them in order to support 
the definition of different real ecosystems. To get a model with details about the soft-
ware used to implement the ecosystem, a set of ATL rules was applied. These rules 
transform each element in the PIM to an instance of the platform-specific ecosystem 
metamodel. Fig. 2 shows the results of this transformation on the left column. 
 
 





The platform-specific metamodel has no visual editor associated, the result of the 
transformation is an XMI file with the description of the model. In order to complete 
this information, the model was represented using a CASE tool. In particular, the model 
was represented by three views or packages. The views correspond to the three main 
parts identified in a technological ecosystem: software components, human elements 
and the relationship among each other. These views show the elements from the model 
in black and the elements from which they are instantiated in grey. 
First, Fig. 3 shows the view of software components that compose the eHealth tech-
nological ecosystem for caregivers. There are two main types of components: infra-
structure and tools. The eHealthEcosystem represents the ecosystem, it is the main ele-
ment that contains the other model elements. It is instantiated from the Ecosystem class 
of the metamodel.  
The infrastructure is composed of: MailServer, to send emails from the different 
software components, it provides the SMTPConfig; DataAnalysisSupport, to monitor 
the activity of the users and their interactions; and a CentralAuthenticationServer to 
centralize the user management, both data and login to the ecosystem. 
The tools that provide the user-level services are instances of different Open Source 
tools represented in the metamodel: SocialNetwork, LearningPlatform and Dashboard. 
The SocialNetwork represents a private social network for patients, caregivers and rel-
atives. The LearningPlatform is focused on providing psychoeducation support for for-
mal and informal caregivers. Finally, the Dashboard is focused on decision makers and 
caregivers’ managers in order to support the decision-making processes. 
 




Fig. 4 is focused on the human factor as a key element of the eHealth technological 
ecosystem. The main users are represented as instances of Manager, Methodology and 
Management classes of the platform-specific ecosystem metamodel. In particular, the 
manager of the hospital or care center is represented by HospitalManager, and the man-
ager of the caregivers as CaregiversManager. These users establish a set of methodol-
ogies (TrainingPlan and MedicalProtocol) and perform the business model (Business-
Model) which is described in detail in the Section 4. 
Finally, Fig. 5 shows the view of the services which implement the information flows 
between the different software components of the eHealth technological ecosystem. 
There are three main services that are instances of RESTfulAPI: InteractionData to get 
the information of the users in the social network; TrainingData, to get information 
about the activity of the caregivers in the learning platform; and AnalysisResults, that 
provides the data analysis layer to support the information shown in the Dashboard. 
 
Fig. 4. View of human factor of the eHealth ecosystem for caregivers 
 




4 Business structure 
In order to design the business structure, we use the BMC approach developed by 
Osterwalder and Pigneur [13]. Osterwalder’s approach has proven to be a valuable tool 
for describing not only commercial business models, but also in many other contexts 
including health-related ecosystems [16-18]. From a business perspective, one of the 
main distinctions of technological ecosystems when compared to other types of busi-
ness models resides in the involvement of the different ecosystem actors in value co-
creation. As stated in [19]: "the motivation of actors to participate and engage within a 
medical ecosystem arises from the reciprocal benefits, namely the value propositions 
that variant types of actors within the ecosystem offer and seek". As such, value in 
ecosystems also emerges through interactions and collaboration between the different 
ecosystem actors [20], and this collaboration should be fostered by the ecosystem busi-
ness design. These values are not independent from the other parts of the business 
model as they influence all other elements and building blocks. 
In order to apply Osterwalder’s model to our ecosystem proposal, we based the de-
sign in a literature review aimed to identify how technological ecosystem proposals 
address the business component, along with a systematic mapping study of the most 
relevant EU funded projects related to the health domain [21]. As a result, we obtained 
an insight of the main trends, lacks and opportunities, involved actors (stakeholders, 
end users, etc.), employed technologies, projects’ investment, etc. related to the devel-
opment of ecosystems in the health sector. 
The BMC is available on http://doi.org/10.5281/zenodo.2273646.The outcomes of 
these reviews were applied to define the different blocks of the BMC as follows: 
• In terms of the Key Partners, health and care authorities are needed as main infor-
mation providers regarding the care delivery models and legal and privacy require-
ments that may vary across different regions, as well as being potential ecosystem 
investors and provide access to other stakeholders. 
Hospitals and care institutions partnership offers real scenarios and personnel in-
volved in the provision of professional care. They also act as providers of the 
knowledge and expertise in care giving and psychoeducation, helping to build a trusted 
environment for the informal caregivers, the dependent persons and their relatives. 
Research institutions are needed in order to maintain the state of the art of the eco-
system’s technological components, as well as for providing the latest trends in eLearn-
ing methodologies and psychoeducation protocols. 
Platform suppliers and operators will guarantee the good functioning of the ecosys-
tem’s underlying technologies, as well as provide means for the incorporation of new 
components and services. 
• The Key Activities to be carried out in order to provide the considered services and 
generate value for the ecosystem stakeholders include: the design, development, op-
eration and maintenance of the technological platform components and ontologies; 
the development of the psychoeducation eLearning contents; the identification of the 




the ecosystem that could be relevant for the health and care stakeholders; and the 
identification of the platform’s key performance indicators (KPIs) that allow moni-
toring its performance and the extraction and analysis of data (usage, trends, most 
demanded services) that could be valuable for current or potential involved ecosys-
tem actors. 
• The Key Resources needed in order to develop the proposed business model are the 
ecosystem components: social network, eLearning platform, mailing system and 
dashboard (which could evolve based on the observed ecosystem activity and actor 
needs); the platform hosting infrastructure; the technological expertise required to 
develop the platform components and ontologies, data mining, analysis and visuali-
zation; and finally the medical and educational expertise for providing adequate 
online psychoeducation contents. 
• From a global perspective, the three main benefits that the ecosystem offers to its 
community of users are: the improvement of the quality of life of patients and (in)for-
mal caregivers, a better quality of care and, as a consequence, a reduction of care 
provision costs. Value propositions include and are built around these three main 
values, based on the other model blocks (partners, resources, activities, etc) to trans-
late these benefits into concrete services. As stated before, these values greatly de-
pend on achieving the involvement of the different ecosystem actors and not just the 
key partners (patients, relatives, third party care organizations and providers, etc.). 
It has to be noted that value propositions are interrelated as, for example, the access 
to the social network or the psychoeducation learning program enhances the quality of 
care, but also improves the quality of life of patients and carers (better care planning 
that results in more spare time, contact with other users with the same needs and spe-
cialized personnel that provides support, advice and guidance etc.), and all these values 
will, in turn, result in a reduction of care costs. Also, it has to be taken into account that 
value propositions in an ecosystem are also subject (and meant) to evolution as the 
ecosystem itself evolves, since the incorporation of new actors or services can cause 
new functionalities to appear. 
Thus, value propositions include a personalized learning itinerary for (in)formal 
caregivers by accessible psychosocial programs; a network that includes care profes-
sionals for social communication and support; valuable data for: the analysis of the 
different care and psychological action protocols, monitoring of the psychological dis-
order evolution and trends analysis (personal, geographical, etc.), analysis of ecosystem 
usage, user needs and trends; and the possibility of promoting third parties care solu-
tions, incorporate new services and/or modify existing ones. 
• The first of the Customer Segments refers to the patients and relatives as informal 
carers, as they are the main target consumers of the ecosystem. On the other hand, 
health and care providers shall be considered either as direct customers or act as 
solution intermediaries providing the proposed services to their carers in a business-
to-business-to-consumer (B2B2C) approach. Also, health and care related service 
providers could act as ecosystem complementors or third-party providers who could 




travel agencies, pharmaceutics, etc.), employing the platform available channels (so-
cial networks, mail), and using the trends data obtained from the ecosystem usage. 
Public health authorities are also a potential customer segment because they can act 
as funders (especially in countries with public health systems). In addition, they may 
be interested in making use of the ecosystem valuable data for the analysis of health 
evolution trends to enhance the health provision system. 
• The Customer Relationships that must be maintained with each customer segment 
are the psychoeducation training program, the provision of professional medical and 
care contacts, training on platform usage, allow updates of platform contents and 
services and the promotion of third-parties care-related services. 
• Considered Channels to reach the customer segments include the different direct 
contacts attained through the key partners that would include other regional / na-
tional health authorities and care related networks, and the promotion through social 
networks and web marketing. 
• The Cost Structure that determines the costs of the business model is directly re-
lated to the tasks of development and deployment of the ecosystem, and includes: 
the platform development and maintenance, it’s hosting, the communications infra-
structure, and the IT and health personnel needed to develop and provide the consid-
ered services and functionalities. 
In terms of the Revenue Streams, proposed values to the customer segments may 
generate different revenues at different levels. The considered revenue streams include: 
customers using ecosystem services; providing training to clients for the usage of the 
ecosystem; the IT support and maintenance; the ecosystem related data and its analysis 
tools; and the publishing of third parties care-related services. 
5 Conclusions 
The ecosystem metamodel allows to define models to support learning and knowledge 
management processes in heterogeneous contexts. The platform-independent and the 
platform-specific ecosystem metamodels were validated in our previous work, and their 
quality was also validated using the metamodel quality framework proposed by López-
Fernández, Guerra and de Lara [22]. 
The platform-specific metamodel to define an eHealth technological for caregivers 
is based on a robust Model-Driven Development (MDD) solution. This model provides 
a guide to develop a real ecosystem to support learning and knowledge management 
processes to develop and enhance the caregiving competences of formal and informal 
caregivers, both at home and in care environments. 
Taking into account the business structure is a fundamental aspect in the design and 
development of technological ecosystems, as it allows to reduce the gap between the 
technological structure and the actors’ real interactions after ecosystem deployment. If 
these characteristics are omitted from the ecosystem design, they will surely affect the 
ecosystem health and performance once it has been deployed in real world scenarios. 
However, taking into account the business structure during the technological platform 




structure following the Business Model Canvas (BMC). On this respect, the research 
contributions have been within the identification, from the existing literature and EU 
funded developed projects, of the care ecosystem human components and their interac-
tions, their value propositions and needs, and the key resources, costs and revenue 
streams associated with the care-related services provision chain. 
The results of this work, both the platform-specific model and the BMC, have a 
number of important implications for future studies. In particular, it would be interest-
ing to develop several case studies in order to test the proposal in the eHealth context. 
 
Acknowledgments. This work has been partially funded by the Spanish Government 
Ministry of Economy and Competitiveness throughout the DEFINES project (Ref. 
TIN2016-80172-R) and the Ministry of Education of the Junta de Castilla y León 
(Spain) throughout the T-CUIDA project (Ref. SA061P17). 
References 
1. World Population Prospects: The 2017 Revision, Key Findings and Advance Tables. 
ESA/P/WP/248. United Nations, Department of Economic and Social Affairs, Population 
Division (2017) 
2. OECD/EU: Health at a Glance: Europe 2018: State of Health in the EU Cycle. OECD 
Publishing, Paris (2018) 
3. Verbakel, E.: How to understand informal caregiving patterns in Europe? The role of formal 
long-term care provisions and family care norms. Scand J Public Health 46, 436-447 (2018) 
4. Bäuml, J., Froböse, T., Kraemer, S., Rentrop, M., Pitschel-Walz, G.: Psychoeducation: a 
basic psychotherapeutic intervention for patients with schizophrenia and their families. 
Schizophrenia bulletin 32, S1-S9 (2006) 
5. García-Peñalvo, F.J., García-Holgado, A. (eds.): Open Source Solutions for Knowledge 
Management and Technological Ecosystems. IGI Global, Hershey (2017) 
6. García-Holgado, A., García-Peñalvo, F.J.: The evolution of the technological ecosystems: an 
architectural proposal to enhancing learning processes.  Proceedings of the First International 
Conference on Technological Ecosystem for Enhancing Multiculturality (TEEM'13) 
(Salamanca, Spain, November 14-15, 2013), pp. 565-571. ACM, New York (2013) 
7. García-Holgado, A.: Análisis de integración de soluciones basadas en software como servicio 
para la implantación de ecosistemas tecnológicos educativos.  Programa de Doctorado en 
Formación en la Sociedad del Conocimiento. University of Salamanca, Salamanca, Spain 
(2018) 
8. García-Holgado, A., García-Peñalvo, F.J.: A Metamodel Proposal for Developing Learning 
Ecosystems. In: Zaphiris, P., Ioannou, A. (eds.) Learning and Collaboration Technologies. 
Novel Learning Ecosystems. 4th International Conference, LCT 2017. Held as Part of HCI 
International 2017, Vancouver, BC, Canada, July 9–14, 2017. Proceedings, Part I, vol. 10295, 
pp. 100-109. Springer International Publishing, Switzerland (2017) 
9. García-Holgado, A., García-Peñalvo, F.J.: Learning Ecosystem Metamodel Quality 
Assurance. In: Rocha, Á., Correia, A., Adeli, H., Reis, L., Costanzo, S. (eds.) Trends and 




Intelligent Systems and Computing, vol. 745, pp. 787-796. Springer International Publishing, 
Switzerland (2018) 
10. García-Holgado, A., García-Peñalvo, F.J.: Validation of the learning ecosystem metamodel 
using transformation rules. Future Generation Computer Systems 91, 300-310 (2019) 
11. Eclipse Foundation, http://bit.ly/2KBR9AR 
12. García-Holgado, A., García-Peñalvo, F.J.: Code repository that supports the PhD thesis 
"Integration analysis of solutions based on software as a service to implement Educational 
Technological Ecosystems".  (2018) 
13. Osterwalder, A., Pigneur, Y.: Business Model Generation: A Handbook for Visionaries, 
Game Changers, and Challengers. John Wiley & Sons, Hoboken, New Jersey (2010) 
14. Manikas, K., Hansen, K.M.: Software ecosystems – A systematic literature review. Journal 
of Systems and Software 86, 1294-1306 (2013) 
15. García-Holgado, A., García-Peñalvo, F.J.: Human interaction in learning ecosystems based 
in Open Source solutions.  Learning and Collaboration Technologies. Design, Development 
and Technological Innovation. 5th International Conference, LCT 2018. Held as Part of HCI 
International 2018, Las Vegas, NV, USA, July 15–20, 2018, vol. 10924. Springer 
International Publishing, Switzerland (2018) 
16. Christensen, H.B., Hansen, K.M., Kyng, M., Manikas, K.: Analysis and design of software 
ecosystem architectures - Towards the 4S telemedicine ecosystem. Information and Software 
Technology 56, 1476-1492 (2014) 
17. León, M.C., Nieto-Hipólito, J.I., Garibaldi-Beltrán, J., Amaya-Parra, G., Luque-Morales, P., 
Magaña-Espinoza, P., Aguilar-Velazco, J.: Designing a Model of a Digital Ecosystem for 
Healthcare and Wellness Using the Business Model Canvas. J Med Syst 40, 144 (2016) 
18. Locatelli, P., Cirilli, F., Gastaldi, L., Solvi, S., Pistorio, A.: Progressively developing a 
business model to assist elderly patients with cognitive impairment through a digital 
ecosystem: A methodological approach.  Proceedings of the International Conference on E-
Health, EH 2017, pp. 19-26. Curran Associates, Red Hook, NY, USA (2017) 
19. Litovuo, L., Makkonen, H., Aarikka-Stenroos, L., Luhtala, L., Makinen, S.: Ecosystem 
approach on medical game development: The relevant actors, value propositions and 
innovation barriers.  Proceedings of the 21st International Academic Mindtrek Conference, 
pp. 35-44. ACM, New York, NY, USA (2017) 
20. Akaka, M.A., Vargo, S.L., Lusch, R.F.: The Complexity of Context: A Service Ecosystems 
Approach for International Marketing. Journal of International Marketing 21, 1–20 (2013) 
21. Marcos-Pablos, S., García-Holgado, A., García-Peñalvo, F.J.: Trends in European research 
projects focused on technological ecosystems in the health sector. In: García-Peñalvo, F.J. 
(ed.) Proceedings of the 6th International Conference on Technological Ecosystems for 
Enhancing Multiculturality (TEEM 2018) (Salamanca, Spain, October 24-26, 2018). ACM, 
New York, NY, USA (2018) 
22. López-Fernández, J.J., Guerra, E., de Lara, J.: Assessing the Quality of Meta-models. In: 
Boulanger, F., Famelis, M., Ratiu, D. (eds.) MoDeVVa, vol. 1235, pp. 3-22. CEUR 
Workshop Proceedings, Valencia, Spain (2014) 
 
PO
ST
